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1. Molecular structure of materials
[image: ]
[image: ]Fig. S1. Molecular structure of HA 1
Fig. S2. Chemical reactions related to the synthesis of EDTA dianhydride 2 which nitrogen, carbon, oxygen and hydrogen are illustrated with blue, gray, red and white particles




2. The methodology for preparing the solution
The pH of the solution was brought up to 10 using NaOH, and the mixture was agitated for 24 to prepare the HA solution in various concentrations. Finally, HCl was used to decrease the pH to 7. At 4°C, the produced solution was stored in the dark 3. After each test, HA is analyzed using a spectrophotometer. It was made for this purpose from HA in the existing introductions, and a quartz cell with a 254 nm length was used to create its calibration curve. The final firsts were calculated following the intended trials using the device's specified absorption number and in accordance with the calibration curve. After each test, the transfer solution is sufficiently run through the paper for the final determination. The filtered solution is then poured into the quartz cell, and after adjusting the apparatus, the desired absorbance is read at a wavelength of 254 nm. It was possible to convert the absorbance value displayed by the combined calibration curve of the solution (C) in each experiment. HA's calibration diagram is depicted in Fig. S3.
[image: ]
Fig. S3. Humic acid calibration diagram


3. Adsorption kinetics
Adsorption kinetics shows the evolution of the adsorption process with time and is the second important parameter that should be considered. In addition, in the purification of aqueous solutions, the adsorption process is strongly dependent on other experimental parameters such as pH, ionic strength, temperature, the concentration of the adsorbed substance, amount of adsorbent, the structure of the adsorbent, etc., which affects the kinetics of adsorption of the substance. The adsorbent acts on any adsorbent; Therefore, the contact time in which the adsorption process approaches a real equilibrium must be determined based on these parameters 4.
[bookmark: _Hlk132514305]In batch systems, several models have been presented to describe how the adsorbed substance diffuses on the adsorbent surface, which can be used in adsorption kinetics. Nevertheless, pseudo-first-order and pseudo-second-order models are widely used 4. Therefore, these two models are obtained using the general relationship E. S1:
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Where, qe and qt are respectively the amount of adsorbed material per unit mass of the adsorbent at the equilibrium time and each instant of time in minutes (min). Kn in terms of (1/min) defines the pseudo-order constant of the kinetic model.

3.1. Pseudo-first-order kinetic model
When n=1, in relation E. S1, we will reach the Pseudo-first-order kinetic model 4:
	

	(E. S2)


where, qe and qt are respectively the amount of substance adsorbed per unit mass of the adsorbent at the equilibrium time and every instant of time in minutes, (1/min) K1 is the rate constant of the pseudo-first-order kinetic equation.

3.2. Pseudo-second-order kinetic models
By putting n=2 in equation E. S1, we will reach the pseudo-second-order kinetic models 4:
	

	(E. S3)



where, qe and qt are respectively the amount of substance adsorbed per unit mass of the adsorbent at the equilibrium time and every moment of time in minutes, (g/mg.min) K2 is the rate constant of the pseudo-second-order  kinetic equation.

3.3. Kinetic model of intraparticle penetration
Weber and Morris found that in most cases, adsorption kinetics is approximately proportional to the second root (t1/2) 5. The linear shape of this model is E. S4:
	

	(E. S4)



Ki (mg/g.min 0.5) intraparticle penetration rate constant is obtained by determining the slope of the line in the qt diagram in terms of t1/2 5. The c (mg. g-1) parameter is an important parameter representing an adsorbent layer's boundary layer thickness. This thickness is important for adsorption, as it influences the mass transfer rate. The adsorbent layer is thicker and the mass transfer rate is larger as parameter C's value increases. This means that a higher value of parameter C indicates that the boundary layer thickness is larger, thus providing a greater rate of adsorption 6.

4. Adsorption isotherms
4.1. Langmuir isotherm
The theory of Langmuir isotherm assumes that adsorption occurs with a single layer thickness on the adsorbent surface. This means that the adsorbed layer is only as thick as one molecule, so when one point of the adsorber reaches equilibrium, no more adsorption takes place at that point of the adsorber. Also, a basic assumption in this theory is that the adsorption process occurs only in homogeneous and special places inside the adsorber 7,8. Based on this, Langmuir's relationship is given as E. S59.
	

	(E. S5)


where:
qe: amount of adsorbed material per unit mass of adsorbent (mg HA or BSA / mg Hydrogel)
Ce: equilibrium concentration of adsorbed substance in solution (mg HA or BSA/L)
KL: Langmuir constant (L/mg)
qm: the maximum amount of adsorbent capacity on the desired adsorbent material in terms of (mg HA or BSA / g Hydrogel).

4.2. Freundlich isotherm
The Freundlich relation is an exponential equation that assumes that with the increase in the concentration of the adsorbed material, the amount of adsorbed material on the adsorbent increases; in other words, this model is based on the assumption of multi-layer adsorption 7,8. The Freundlich relation is expressed as E. S6 10:
	

	(E. S6)



Kf and n are experimental constants of the Freundlich model. This relationship is known based on the heterogeneous constant n, so the Freundlich isotherm can be used to describe heterogeneous systems. Theoretically, based on the Freundlich relation, an infinite amount of adsorption can occur. The Freundlich relation is consistent with the Langmuir equation in the range of medium concentrations, but among the weaknesses of both equations, it can be mentioned that in the range of wide concentrations, equilibrium data with a set of constants are not consistent 7,8.

4.3. Temkin isotherm
Temkin and Pijou considered some interactions between the adsorbent and the adsorbed material in the isotherm. They suggested that due to these interactions, the heat of adsorption of all molecules adsorbed on the surface of the adsorbent decreases linearly 7,8. This relationship is expressed as E. S7 11:
	

	(E. S7)



where:
A: bond equilibrium constant (L/g)
b: Compliant equilibrium constant
R: equilibrium constant of gases (J/mol. K)
T: temperature in Kelvin
qe: amount of adsorbed material per unit mass of adsorbent (mg HA or BSA / mg Hydrogel)
Ce: equilibrium concentration of adsorbed substance in solution (mg HA or BSA/L)
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